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Claims 1-3, 32-52, 56, and 57 are rejected under 35 U.S.C. § 1 12, first paragraph, as 
being enabling for a method of removing amyloid deposits from the TRIAD mouse, but does not 
reasonably provide enablement for a method of removing amyloid deposits from a subject. 

The present invention is based in part on the finding that immunization with amyloid 
fibrils can result in the induction of an immune response that promotes removal of amyloid 
deposits, including deposits comprising fibril subunits other than that used as the immunogen. 
These amyloid fibrils from various diseases differ considerably from each other in their primary 
sequence. 

In addition to the data presented in the instant application including the TRIAD mouse 
model data, other data confirm the results presented herein. For instance, it has been shown that 
the monoclonal antibody (mAb) 1 1-1F4 expedited the resolution of implanted human 
immunoglobulin light chain (AL), amyloidomas in mice by inducing targeted, cell-mediated 
dissolution (Hrncic et al, 2000, Am. J. Path. 157(4): 1239 (Attached to Amendment)). MAb 1 1- 
F4 was generated using as an immunogen, heat-denatured k4 immunoglobulin light chain 
protein, combined with adjuvant. It was also shown that the therapeutic efficacy of the mAb 11- 
1F4 was independent of the Vk/VA subgroup of the injected amyloid which suggests that the 
monoclonal antibody was interacting with a conformational (structural) epitope shared by 
different amyloid fibrils composed of immunoglobulin light chains (Hrncic et al, 2000, Am. J. 
Path. 157(4): 1239). In an extension of this hypothesis, the mAb 1 1-1F4 expedited the removal 
of systemic A A amyloid deposits, composed of serum amyloid protein A, in a murine model of 
inflammation-associated amyloidosis (Wall et al, 2001, Amyloid and Amyloidosis: Proceedings 
of the IXth International Symposium on Amyloidosis, Budapest, Hungary, David Apathy 
(Attached to Amendment)), which provides evidence that the conformational epitope recognized 
by mAb 1 1-1F4 may be common to many types of amyloid fibril, other than those composed of 
light chain proteins. 

Data supporting the existence of a generic, fibril-associated epitope has also been 
recently presented by O'Nuallain et al who demonstrated reactivity of two IgM mAbs, WOl 
and W02, with synthetic fibrils composed of Ap, poly-glutamine, and LC fragments. WOl and 
W02 are generated from the fibrillar form of Ap(l-40). In each case, these mAbs did not bind 
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the non-polymerized precursor proteins AP(l-40) proteins (O'Nuallain et al, Proc. Natl. Acad. 
Sci. 2002, 99(3): 1485-90 (Attached to Amendment)). Accordingly, these publications provide 
evidence that a fibril-specific epitope exists; that the fibril-specific epitope is related to the three 
dimensional structure of the fibril; that it can be used to generate "anti-fibril" antibodies that do 
not react with the non-polymerized precursor protein; and that the anti-fibril antibodies can bind 
to fibrils composed of structurally unrelated precursor proteins. 

The Office Action states that the specification only discloses cursory conclusions without 
data supporting the findings that amyloid fibrils promote the removal of in vivo amyloid fibrils. 
Applicants respectfully point out that Example D on page 35 discloses data supporting the 
removal of amyloid deposits from mice. The mice used in Example D were not TRIAD mice. 
These mice were immunized with synthetic fibrils, and were shown to have anti-fibril antibodies. 
On day 59 of the immunization protocol, the mice were administered a subcutaneous bolus of 
human AL amyloid extract to yield an AL amyloidoma. As discussed in Example D, the 
amyloidoma disappeared within 5 days from these mice. The data of Example D show the 
removal of in vivo amyloid deposits from a subject comprising administering to the subject an 
effective amount of the amyloid fibrils. Accordingly, the specification provides data and 
working example to support the breadth of the claimed invention. Thus, Applicants respectfully 
request withdrawal of this rejection. 

Rejection Under 35 U.S.C. $112. Second Paragraph 

Claims 1, 2, 32-45, 50-52, 56, and 57 have been rejected under 35 U.S.C. § 1 12, second 
paragraph as being indefinite for failing to particularly point out and distinctly claim Applicants 1 
invention. 

Claims 1 and 50 have been amended to more distinctly point out the claimed invention. 
Accordingly, the claims, as they stand, are not indefinite. Applicants respectfully request the 
w ithdrawal of the rejection. 

Claim 37 has been rejected as being indefinite because the use of the term "cystatin C 
variant 11 . However, it is well known that the cystatin C variant associated with amyloidosis 
causes Hereditary Cystatin C Amyloid Angiopathy (HCCAA) and that HCCAA is caused by a 
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mutation in the gene encoding the peptidase inhibitor cystatin C. Thus, it is known that the term 
"cystatin C variant" refers to the Leu68Q variant form of cystatin C. (See attached Grubb et ai, 
http://www.reasearch.swegene.org/project_details.php?Proj=194) Accordingly, claim 37 is 
definite as it stands. 

Rejections Under 35 U.S.C. §102 

A. Claims 1, 3, 32-40, 46, 56, and 57 are rejected under 35 U.S.C. § 102(b) as being 
anticipated by Kline et at. (WO 95/31996). 

The Office Action states that Kline et al. teach a method for alleviating the symptoms of 
a disease state associated with plaque formation such as Alzheimer's disease by administering to 
a patient amyloid beta protein or a derivative thereof. Applicants respectfully point out that the 
claims of the present application are directed to a method of removing amyloid deposits from a 
subject comprising administering amyloid fibrils . Unlike the method of treatment disclosed by 
Kline et ai. the present application provides a method of removing amyloid deposits from a 
subject comprising administering a composition of amyloid fibrils. The amyloid fibrils induce 
an immune response in a subject which promotes the removal of amyloid deposit. Amyloid 
fibrils and the amyloid beta protein of Kline et al. are structurally and functionally distinct 
products. Moreover, the specific use of amyloid fibrils is not anticipated by the work of Kline et 
ai As described in paragraphs 78 and 79 on pages 21 and 22, amyloid fibrils are protein 
aggregates of proteins or peptides that may differ from those in the amyloid deposits of the 
subject. The amyloid beta protein of Kline et ai is a single protein. Thus, claims 1, 3, 32-40, 
46, 56, and 57 are not anticipated by Kline et al. Applicants respectfully request withdrawal of 
this rejection. 

B. Claims 53 and 54 are rejected under 35 U.S.C. § 102(b) as being anticipated by 
Ostberg et al. (US Patent 5,750,106). 

Applicants respectfully point out that claims 53 and 54 are directed to a vaccine or 
pharmaceutical composition comprising amyloid fibrils which contain immunoglobulin light 
chain polypeptide or a whole immunoglobulin light chain peptide. Applicants submit that 
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Ostberg et al. do not disclose a pharmaceutical composition comprising amyloid fibrils which 
contain immunoglobulin light chain. The pharmaceutical composition of Ostberg et al. 
comprises a human anti-CMV antibody and a buffer. The pharmaceutical composition of 
Ostberg et al. and the pharmaceutical composition of claims 53 and 54 are different because they 
comprise structurally and functionally distinct active ingredients. As discussed above, an 
amyloid fibril is a structured protein aggregate, unlike the human anti-CMV antibody of Ostberg 
et al. Thus, claims 53 and 54 are not anticipated by Ostberg et al. Applicants respectfully 
request withdrawal of this rejection. 

C. Claims 1, 3, 32-49, 56, and 57 are rejected under 35 U.S.C. 102(a) as being 
anticipated by Schenk et al. (WO 99/27944). 

The Office Action states that Schenk et al. teach a method for treating patients suffering 
from amyloidogenic disease, such as Alzheimer's, comprising administering amyloid-beta 
peptide or variants thereof to induce an immune response against the amyloid deposits in the 
patient. Applicants respectfully submits that the claims of the present application are directed to 
a method of removing amyloid deposits from a subject comprising administering amyloid fibrils 
to the subject. As discussed above, amyloid fibrils and the amyloid-beta peptide or variants 
thereof are structurally and functionally distinct products. Thus, the claims are not anticipated 
by Schenk et al. Accordingly, Applicants respectfully request the withdrawal of this rejection. 

Rejection Under 35 U.S.C. M03(a) 

Claims 53-55 are rejected under 35 U.S.C. § 103(a) as being unpatentable over Ostberg et 
al. (US Patent 5,750,106) and Theofan et al. (US Patent 5,643,570). 

Applicants respectfully points out that claim 53 is directed to a pharmaceutical 
composition comprising amyloid fibrils that contain immunoglobulin light chain polypeptide or 
whole immunoglobulin light chain polypeptide. Dependent claims 54 and 55 includes carrier 
and an adjuvant, respectively. As discussed above, Ostberg et al. do not disclose pharmaceutical 
compositions comprising amyloid fibrils. Likewise, Theofan et al. do not teach a pharmaceutical 
composition comprising amyloid fibrils. The pharmaceutical composition of Ostberg et al. 
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comprises anti-CMV antibody, and the pharmaceutical composition of Theofan et al contains 
BPl-immunoglobulin and carriers, adjuvants, and diluents. Anti-CMV antibody and BPI- 
immunoglobulin are structurally and functionally distinct from amyloid fibrils because amyloid 
fibrils are structured protein aggregates. Thus, the combination of the cited references do not 
render claims 53-55 obvious. Accordingly, Applicants respectfully request the withdrawal of 
this rejection. 



In view of the foregoing claim amendments and accompanying remarks, Applicants 
respectfully request reconsideration and timely allowance of the pending claims. Should the 
Examiner feel that there are any issues outstanding after consideration of this response, the 
Examiner is invited to contact Applicants' undersigned representative to expedite prosecution. 

If there are any additional fees due in connection with the filing of this response, please 
charge the fees to our Deposit Account No. 50-0310, If a fee is required for an extension of time 
under 37 C.F.R. § 1.136 not accounted for above, such an extension is requested and the fee 
should also be charged to our Deposit Account. 



CONCLUSION 



Respectfully submitted, 



MORGAN, LEWIS & BOCKIUS LLP 



Dated: July 14,2003 

CUSTOMER NO. 09629 

MORGAN, LEWIS & BOCKIUS LLP 

1111 Pennsylvania Ave., N.W. 
Washington, D.C. 20004 
(202) 739-3000 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



Claim 1 has been amended as follows: 

1 . (Twice Amended) A method of removing amyloid deposits from a subject comprising 
administering to the subject amyloid fibrils in an effective amount to generate an immune 
response, wherein the immune response promotes the removal of amyloid deposits from the 
[ pati e nt ] subject . 

Claim 50 has been amended as follows: 

50. (Amended) A method of removing amyloid deposits from a subject comprising 
administering to the subject amyloid fibrils comprising an immunoglobulin light chain 
polypeptide and or a whole immunoglobulin light chain polypeptide in an effective amount to 
generate an immune response, wherein the immune response promotes the removal of amyloid 
deposits from the [ mammal ] subject . 

Claim 53 has been amended as follows: 

53. (Amended) A vaccine or pharmaceutical composition of claim 3 comprising an 
immunoglobulin light chain polypeptide or a whole immunoglobulin light chain polypeptide. 
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CYSTATINS AS REGULATING ELEMENTS AND 
PATHOPHYSIOLOGICAL MARKERS 



Principal investigator: 

Grubb, Anders, MD/PhD, Clinical chemistry 

Department: 

Department of Laboratory Medicine, Lund 
E-mail: 

Phone: 46-+4646-173964 Fax: 46-046130064 

Co-workers, postdoc 
level and above: 

Aftab Jasir, Postdoc; Katarina Hakansson, Postdoc; Xin Wang, 
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Professor; 

We sequenced in 1981 a protein with unknown function, now 
called cystatin C, which defined a new superfamily of cysteine 
protease inhibitors ("cystatms"). We have described four new 
cystatins and shown that cystatin C is produced by a house- 
keeping gene and that a mutation in it causes the dominantly 
inherited disease "Hereditary Cystatin C Amyloid Angiopathy" in 
which L68Q-cystatin C is precipitated as amyloid in affected 
individuals, who die from brain hemorrhage before 40 years of 
age. We demonstrated in 1984 that the serum level of cystatin C 
probably is a better marker for glomerular filtration rate than 
serum creatinine. 

We and others have recently shown that cystatin C might 
regulate antigen presentation, is a growth factor for mouse 
neural stem cells, and might be involved in the atherosclerotic 
process. We have lately produced mice with deleted cystatin C 
genes, which we now will use to investigate in more detail the 
roles of cystatin C as a modulator of antigen presentation, 
particularly in experimental rheumatoid arthritis, as a brain 
growth factor, and as a factor in the pathophysiology of 
atherosclerosis. 

We determined in 2001 the crystal structure of human cystatin 
C, which may be used to understand the molecular 
pathophysiology of cystatin C amyloidosis and perhaps for design 
of drugs against amyloidosis in general. These possibilities will 
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now be tested using the transgenic mice carrying human L68Q- 
cystatin C genes that we created in 2002. 

We have shown that small peptidyl derivatives, based upon the 
structure of cystatins, have antiviral and antibacterial effects and 
will now try to elucidate their antibacterial and antiviral 
mechanisms in an effort to create new classes of antibacterial 
and antiviral drugs. 

We will also try to identify those clinical situations in which serum 
cystatin C will be a particularly important marker for specific 
renal dysfunction in an effort to substitute non-invasive for 
invasive diagnostic procedures for kidney disease. 
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Adv Clin Chem 2000; 35:63-99 
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APMIS 2000; 108:473-481 
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Antibody-Mediated Resolution of Light 
Chain-Associated Amyloid Deposits 
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Primary light-chain-associated (AL) amyloidosis is 
characterized by the deposition in tissue of monoclo- 
nal light chains .is fibrils. With rare exception, this 
process is seemingly irreversible and results in pro- 
gressive organ dysfunction and eventually death. To 
determine whether immune factors can effect amy- 
loid removal, we developed an experimental model 
in which mice were injected with amyloid proteins 
extracted from the spleens or livers of patients with 
AL amyloidosis. Notably, the resultant amyloidomas 
were rapidly resolved, as compared to controls, 
when animals received injections of an anti-light- 
chain monoclonal antibody having specificity for an 
amyloid- related epitope. The reactivity of this mono- 
clonal antibody was not dependent on the V, or C, 
isotype of the fibril, but rather seemed to be directed 
toward a ^-pleated sheet conformational epitope ex- 
pressed by AL and other amyloid proteins. The amy- 
loidolytic response was associated with a pronounced 
infiltration of the amyloidoma with neutrophils and 
putatively involved opsonization of fibrils by the an- 
tibody, leading to cellular activation and release of 
proteolytic factors. The demonstration that AL amy- 
loid resolution can be induced by passive administra- 
tion of an amyloid- reactive antibody has potential 
clinical benefit in the treatment of patients with pri- 
mary amyloidosis and other acquired or inherited 
amyloid-associated disorders. (Am J Pathol 2000, 
157:1239-1246) 

°nmary amyloidosis is a monoclonal plasma cell dyscra- 
;; a characterized hy the pathological depos Hon as fibrils 
:)f immunoglobul n light-cham-re ated components (ie. AL 
amyloid) m the heart, kidney, liver, tongue nerves, and 
■)ther anatomica sites tnroughout the body. ' '' The re- 
entless accumu anon of fibular protein within these tis- 
sues leads to progressive organ dysfunction and even- 
tua'ly death.'' Heretofore, treatment of patients with this 
devastating disorder has focused on reducing the syn- 
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: k • da-- c lea /a go a k ! 5en e ..one^ p'-jt'-'n ' ' 

i . ■ ii ;.oC-i.>:d n a 1 rr-ol L soj:jr ii - . tats • t jij'fc a i -H ^ i. 
■: .i final anoer :r.:*ior ■ .f 1 ng-n- pre ;ipitati ■ 1 Irani 

: on b,- neat fe atmet t at : )6 0 * r 15 rr-irut- and 
rt: -.jpenaed t pia ■s,pha'e-bulfe''(':d sain e (PEaS- t> fore 
inj- rtion into BALb/ ': rmiau The technique^ used lo gen- 



erate and characterise the murine mAb 11-1F4 were a3 
previous y describe:!, M ac were those to fluoric e *>- 
laoel abtair through pepnr digestior an F(ab'i I'fc-i- 
nient. ard t otinylate the a-r t:od.- ' ifj 

Immunochemical Assa\ s 

For aoiid-Dnar,e FLI-£.A ' 9^-a-^II * at-t c ttomed m-./t-A-. i 
plates {'"ioTiing Lci-.tav i"(-rt rig, rJV) were filled .-. t- 
/ulc'a 10 /ig/'r I ; i'io' ot h i'i ai I gh' chain cor t : 
ftr ^ e<rac;tec sror- at-iy .)m.i,'k: !-.er; and sple-i-ns ■ 
will" recombiriar 1 V. fir. -i is ' J ai j aPwed to dry c-A" • 
rig- flay nouhat < -n 'i: C A'toMj: k. I- ing and w-v.T in- 1 
app'Op'u'itoy dii.i-:vi sing k- of mou-.e serum, =: 
fuici sup-maun' •:>• p.'/ ; -d r-:At: were aaded t- : <: ej- h 
wuli :jMte-atc-n 'At :i;ur •:: ej- •■:.-o-::y was uccaiip sh-d 
i.Aiig a pe"0 • case >aU ■ -i at .r'hrno .r>e Ig'Ij tr ' ■ 
::er /n (BoRac, ^i. nrr ra:. : A) and a 1' .?'-ar--'i<; -f 
[ -i-e'hvh'eartf ,n:: :'ir .!-(. ~,iO y ■ a : i| aenstrate :--aL.ti--a 
(-■: r^S'.)aa r -:i and Pcy I a:: or.-i'-ari-: s : n aitherst'U'g Ml 
L nl .r d-ni: lopni-: rir wa . ioti --i %■> ■ '■ after 11: - ir J-a- 
t-'O a ad * on ot J a a- i-t -md r "e asured at a*- a;D / 

die p'Ti uiinn an ELh--A ;y -•■'>■ ■■>■■■■■)'.■' (Bo Teh \- *r i 
i ■ ei 'ts Wii osi- 1 VT ) 

F -or VVeotern t-anr-.g. .im/i-i 1 e d-a^E. w-ae sal, e-.-t- ■■: 
'a :-0(ii.i''i dc»:le-Cy am - a- • , m go. -_■ -ao **■ ■ ■ 

phc.re-.i-> under r od j-: r g cond in -ii-- .,ing toe r^uPAbF 
t oi'trcf a-ves s s/st'?m ir;o/-. ■ San D i g a C A). The ;y.. 

na A-»;-'-a e-t-jir'-Dirar -.le r r..-.: ».•:• 0 4:-m'1' 1 rT"" - -t -i " 
n-er-ibaaies (M I i:ao'H p.xvo-d MAi n-ij af'e' bl ■ f ia; 
/.eaj v> pased t>. m.'A.j': se:-.: o rit t-ij m..r r h a ; "i' - a 1 ' 
id. a r -TiAts 3 : o- at ar i -P < '■!(; u"e* i reagent a P ■ ■- 
..r e-a Li Jolla , L Ai bi:^ we-e v-.asfied and 'ro ;t-=: 
v. -h an a-.alii.e ohi-aao' .at. ,ilae • (1 norse ant'-iKL" 
uG iai't EinrjT ( A BL'ht Ve"t-' ^.abo-alorieA Burl ■ ■ ■; an .■ 
'..Ai trc.jrd p'uteir wa- dvt-."i-!.:J v. tr« the Weste-r B>.-; 
:-;a: i ijtad Sur.:.tra:-- (Pi-:y; e : i Mad s >r W ) l-Ji-rar ■■ 
■ st' >cnemica analyses w--'" p>;:rto'iT>-d as r g 1 r nl'a : 
''. 'Oh' a q as sol-c * ed :) v - *t •• «ran .faaturer ( v'enoi ; ■■ i 
4-^'iiafacK d-.pi.ir at' in a-, o t^-ne * ors 'riau'^nj .-n 
[.:■!, i. Iv: ne-coa'ed si'.ies 'Mh- pr-nay a^d se-a^da'/ 
a--t :aad e: ar ; s j:a - ira'e ,js--d Afd" " 1-iF - -3" a'fina , 
t ur 'ied g aat a-iti-'- ot, >e \>y i lio'S-aacisr -f en > ica " 
:or ugfit-r (Bi"-^i(J: .nd r.n nop. r j di-o (Vecor) 
.;.( •• I v. - 

FaiA- tc- t : jLtrn-tnici- \n. -ui.- a < : n- were cut ' » ig"'t 
!• c'O-csp/ S'a^s tor lfa.1- ■■ . ;, e t^'aseEi wea- ia--' 
'r.-r-ie i tsiirq '&oth:i A'3-C' ■ nor. e aesase ard i.-n.tf--'- 
"y ace'ate solut.or ■; ( :. .^n a icj'i.AAa Lot Lou a M'a- 
■.;>. >>■• 'o the 1'i.inaa tur- • s aredions Tc dett- : 
a-n/od the -;e : ti::?-.s ..ero tr.-an»: a th a 'rest 1/ p'- ■ 
[■ctied tlkalme C cr-go -ed -■ d oi anc e.-.o- 1 unci. - 
pela- ae ci ichr ua f.g a "M"- r : -lan.'e' 'Aeit/. Roekleie-- 
fj I. wr a -gyp sum :al ate a- J s « -ter : r.a y/er [: or electr n 
racro.C'iip/. D'ecitjiiat* - : s w* ■■ ap| ied to forrn.ar c-/- 
tn.ir -ca.ited < opper gi u- a ■ dr e J. stained with 
phosphotungstic acid, and . u.ved -vith a Hitachi H-600 
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electron microscope (Hitachi Science Systems. Ltd.. 
Ibaraki. J ioan). 

Amyloidoma Formation 

l.vofih lize : water-SDieble amyloid extracts ^ere sus- 
pended in 25 ml of ster e saline and h.-m: g-; n.zed with a 
PcU-2 Po ."tron apparatus (Brnkman Lu.'eine, Switzer- 
land. Th>- fibrils were segmented b/ cenlnfogation at 
n C 'o- 3C' minutes ar 1 / 000 rpm; the tesu t;tnt pellet was 
r-:-Mj:.pen ted in 1 ml of - .ter le sal ne ar.d renomogemzed. 
'■is so ut jn was ine^'ed subcctane ius ✓ between the 
: apu'ae -f mice usin-:: an 18-gauge r eenle attached to 
a urn 1 syringe. The n\z- of "he resultar t amy oidorna aue 
rea-surec by daily paipaton and co- 'firmed at necros- 
copy Hie- -resolution --ray-computed ton ogiaphy rn- 
a.tes wet- - acquired u .-inc; a mcrodt anparatjs (Oak 
Rdge Matonal Labora'ory Oak Fridge, TN) 

A. hce 

■^■IB. 1 :. ( 'J- 18 null a* d C.B-17 SC D n.k:e we r e pur- 
chased f-'-m Charles H vnr Labora'^nev (Wi rnirgt:n 
MA) .jad-von L,abo'a:.-r e-; (Bar Hart.or Ml") ancTa: 
line (Ge mar town, rj •'). 'esoectivey. A I mice were: 
treated in -.coordance ,vit- ■ National Institutes Cff Heal'h 
't .jolatior - under tfie je-Q'S c if a pre toco' iipc roved by 
tr e Jnvt.rsity of Tennessee's An-nal :": i<t and Ll .e 
'.;-:-iTi^.i:te-v. 



Results 

T-j. mvesMate rumcra o r cellular factor? '.hat c:an fac N- 
• :jte a-nylcd renova . we deve oped an /n Uv> axperimen- 
vdI model -i which 6-we-f--uld BALB/c m co were injected 
■-,uDCM"an- ously betwe-n the scapulae wifi oO to 200 nig 
)t A'a!er-s- ■ uble AL .arr ,loid extracts. " he composition of 
't \i 'Tiater al *vas estat- ished by chemica , irnir ^noblot- 
•ug, amir ■ acic secret nee, and lorn/ ng mass -spec'fo* 
:dp : analyses where the predominant p rotein species 
a ere ■oui>-~: tc be kc A ghi chain-reia'ed -n jlecules that, 
n mo:t c :ses consist'/ d p ' marily of 'he -.auabe region 
'V ) nlas 'ne first --50 residues of the oonsiant region (C, ) 
and, .n oilers. V; ftagme' ts or intact molecules. Adde 
nna lv. tt-se extracts contained the expected amyloid- 
vjsoc ate:i P- component as well as thu proteoglycan 




Day 1 Day 21 



Figure 1. Hum. hi Al nmlokl- rn i nnnk-l Top: Appr.iMili f < >t J mh-lm- 

;il|C. r.'il Mi'x Ut,!TH'< >lisK I ll'Al'1 1 1 lllr M.ipuLil' Vv JU'i I III; < >l ..I U. 111. HI \ i K 

mh\[dkI i.'Mi;itl (left) vc.oliitmn ill iIr- .urn loidmiKi liIut I I 'l.i\- 

t right' Hottoni: l\ulu ^:;iphn '(.'I' m.iiii mini;*-,' I .( hiuum- .it'k'r inifiiirn: 
■ ! ;i liimi.in A I. A .h i\ !■ nJ rMt.u ■ i If It J .ind _! I A>\- l.itfi" < right ) 



heparan sulfate. 24 The njected material formed a readily 
visible, palpable mass on the backs cf animals, the sire 
of which depended on the amount o* material injected 
(eg. 0 2 to 2.t cm in raxirnum diameter). The amyloid- 
oma remainec localized and unchanged for -10 'c 2'4 
days, as evidenced b\ high-resolution X-ray-compu'.ed 
tomography; after rnat p oint. the tumors began to regress 
and eventually disappeared throughout an ~4-dav oe- 
nod (Figure 1) This response occurted regardless of the 
k or A nature or the V( subgroup of the amyloid extract: 
however, in studies involving five different k and seven A 
amyioidomas. ALA extracts typically resolved Tire 
slowly than did AL* (AL A, 18 ± 6 days versus ALk 13 ± 
3 days). Sufficien: matenal was available to repeat u <.per- 
iments at least four times in eight of tr e 12 cases /.'he-e 
it was found that this effect was reproducible in healthy, 
young animals regard'ess of the tissue source of the 
amyloid However, dissolution of the induced amyloid- 
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omas was consistently delayed bevond 3 months in aged 
i 1.f. months) and immunodeiicient (SCID) mice. 

Hstoiogoal studies to determine the fate ot the re- 
gieE-sing anvoicomas demonstrated th. it the amy.o d 
v.is no*. rodis"ifc-jted to -'ther mo^se issues, as e.- 
i i-n. ed by C : ago red sta oir g AJ:,tion.-J!v. mo tjrn:=»s 
were irriltrated by naphtha:- A~-D ehbroa ::€ tar»?-positi\ 
.« nsph'hyi acotate-negati-.e, polymorph or uc. -e =r ce!--. 
e reu*rop-is (Figure ;."!) Ir contrast. :hr, elular m- 

:>i ;o cic no? occur in Of. 1 - 18 rul 1 nice-' 1 ' wr-'ie reso ,- 
-.=f hurnar At. arnyiOid-.-rrns reqjred a conoid- -rap: / 
v'"g-r t me per oo (ie, -3 n or .ths). Fu'theo an.-/ oico yS' 3 
,v is delayed «r animals rer-de-ed pro'our Jly r-.-Ltroper. c 
:v, c i-adnnr is"a' on of ^'Sf: jug of tho anti ' it-utt jp' rnAn 
' jt-1 ,J g ven ,it t-ne time ■ amy oidoma inc ■ j-::t i- »' i snd 
.tga n .^n oay \ 

Amyloid removal ah :- a defter dent on - humo-dl 
r- ne rest oo-e *o the h jr- -ar licih'-c-ain conta.-i n :j o-,a- 
■■: ■ a- Approximately iG ': .'O days after ac yl- ■ dor:" a 
-d..-:ticn, wo sucked in Ti"u,noD otting e-:per moms tr-at 
m :.., .e se r a o= mtairec nrtibodies 'hat mcognL'-.-.i. oot 

■ -r i v :t"<; lioht oh .tin cor s'ltuont of the ^rriyl-.-a cotem 

* o::'eo. but as.:- that of t eterologous ALk : r ALA e<- 

tFg'.re ■')■ lrl cor it' a ■', there was n..> reacts ■!/ W'i;i 
:tio ■ cmologo'.s amyloi.i precursor pro'eio, e Ren. e 
J' n^-j prolrir ..-r any otr-»-r mono:: orul light croon vn :e J. 
'-Vtio'i 'he sam- amy oid nr-puraric-n was 'O-aom r. store d 
i:- tr ose irr ir uni.'od arim.iis its rate of disaooearar ■= o 
*■: teased app r c> innately twofold. Additionally i" o*n,-r 
-•pt'Mirent-i, e inunaticn o' amyloid turners was 30000;- 
,i'od when ".he edracto wore- inc jbated overr ;;ir w :h 
rv..,:-e mruae : ;erum b-'ore in ection A -.-.'m lar m- 
:-:-:r so ocouood whet se-urn-feated e.-trac-: Aero ••- 

• •■ '-d into SOD "iioe 

B-iSo:J oa tn^so exrx-r n->-nts. we hvpome;iz-;c !hat o 

■ ''0'i:irnjly r reversible nat.-re ot amyioic depo: i' on r-- 
- ,-ts frc-m r Mo oat'e^t's n.jbi'iry tc- elicit ar imrm/ie r>.-- 
:\\.:\- w cirected towar-.J rh -> matet-af Wo thus iu.:oc.nt-d 
•hjt. f avaiabe, toe passive a dm niotrator c' an* a'Tv- 
■■ ■■c .-irit-boiJior. c-"iuid • :■[> d "o amy oid resoot':- it" 1 
•tnis potent alt-/ fovice a neu 'herapeutc approach to 
•na "li&oase To t.-st th s tf -xyy, we r jeered .vh .i 
'.' fr..igraer.' ct>'-a oed ty or :teolytio cleavage >'■ i h njT..in 
k-: Ponoe jr> s ::.rc:e n !: ' 'h.-.', or. thern il :J>" .tt.jra: on 
i.jnocr a^ die ■: inoition:' fonned material mat po-: :;os:a d 
•no ■ horacte- - t-: foatoie-. of amyloid,' r»ane= : . a*t^ r 
i^on-jo red s'ain.ng • e-nioitoc greer or- fr ■ igenoe 
v/a-'i \ ow-.J by \. olao.-ring rr , .cros:oDy ana. eecm .n 
mo-"S:op>. appoarec 'ibrilLr. Spleen ■■ e'ls 'i-.r-.esrc-ii 
•r-r-- :ho imn j-iiz^d ar nia were 'used with : : .P_' 0 oo a 
.-si i rj ■ L.hure fL'd s jpef..it-rit 0 from the r.-sull -'ht hyfcri-!- 
i --Tia-x were s^re-inod *or roac-tivity in a S';li-.l pha--.o 
E\. :.A : • us r g as oaoture proieir s k and a amylo-0 f ibr i o. 
S-"'!e- tod hyb'ido r -a cc on .-s .vere n ected sntraprrilono- 
a v nt:- pristane-crirned BALB/c mice and the resultant 
irA:;-.; panfed 'ron as=:i'ic fluid b: gel 1 "rati. >n Amo-r^'j 
•r os-.- testecJ. one, ar igGl ini bc=dv (desii jn.atf.d 1 1-1F.; :■, 
f!.<nir-ited the c'eatest deijme of reactivity jvth bctr- tyrj-s 
of rr jiecuies Notably, the- b od ng of mAt 11-V 4 w.is 
un r e ated to the V[ or C ( r--ot/pis proper'ies of the arr r 
iQid proteins tested, ie. tfieie /^as no correlation t-tween 
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I-'iffiire .1. I ii-inni.i] immune a^pon .i- In AI. . mivl< jiili mi. i l)i/kvli<>ti h\ nil 
[i!Lini>':i] ( j[iin^ i >l' nniniK- .inii-lmm;in AI. lihnl .lntihuchi^ Top: AI.k H I c V 
.mi'. Inn.] t'\ir.k-| -I. lined unli ('.< » mi. «.-.k' hliie (lane 2 i ..ml IOuuO wild ,ni 
.ini:-K ii^lii Oi.tin mAi i ' lane ?>>. n< n imiiHira- ^t-rum < ihtimu-d t r< n 1 1 .< m nm.il 
mu.s-,1- i lane 4 >. htiiiii < 'ln.iinal In ir. .1 m< ni-v Ju c I i> atlrr I ilOr ;nn\ li <:ii 
1 mi 1 mduti:: hi ' lane 5 .inJ mtuiii ' 'lx.mu-il I [■ mi .1 iikhi'a- Ju ,iIii.t HA1. 
amUoitlnm.t mdikiion (lam- 6) Ifaittoni: ALA li.-M f\ir;nl ^[a:in:i.i -.v:tli 
Co. -liKt-viit/bliK- 1 lane 2 > .iml hlolk-e mih an jnn-A liyhl t h.i:ii mAh ' lane $ 1. 
ik initni'iuiK' '..'nun . .1 11,11 i-cl l-orn ,1 -i m 11 1.1 1 nu n>-. ■ ( hint- 4 i. -.finin o )ta:m-tl 
I foin a moiiM.' iia\s ,iln-r UAL aim 1 ntloma imlu. in .11 ' lane 5 »- and mtuni 
. .hi.iiiu'd I 'roi 11 a 1 1101 i>r .'11 d. \ s .ilk 1 HIO am loa Ionia nclui tion 1 lant <> '. 
Tin- .1/,-. < >l ll)'.- itiok'i i;l.i[ nas- niark.-k- I. h alrd in lane 1 an- indKak-.i 111 mI 



the V K A7 A subgroup or C K -'C A nature of the light cha n 
constituent and the interaction with this antibody. Alter- 
natively, when tested --n a li-guid-phi ase ELISA :i ' J against a 
panel of Bence Jones prote ns representative of the four 
major V K and five V A subgrcuos. this reagent was specif c 
only for k4 light chains. 

The anti-amyloid reactivity of M-1F4 also was evi- 
denced immunonijtochemically. As shown in Figure 4. 
both ALk and ALa deposits were recognized by this 
antibody. Most importantly, we found that mAb 1 ".-TF'4 
bcund to AL amyloid >n vivc. In ore such experiment a 
mouse injected with an ALk-1 amyloid extract was inocu- 
lated concomitantly ir the tnigh w th 100 ^g of fluores- 
cem-labeled ant body. The animal was sacrificed 36 
hours later and the excised amyloidoma examined by 
fluorescence microscopy (Figure 5). The labeled anti- 
body localized only to the amyloidoma and not to any 
mouse tissue Similarly, this reagent did not react with 
normal human tissue 




Figim -i Kl-.k -\\ it\ < il mAh I - 1 l-i u nil AI.K ..nil ALA :j rn\ !■ >:■.] Ii-mk- .li-pni 
il Ih'io liuiiwil and minimi ilusli ■<. li-.-mu.il jiijIvm--. i >t h' l-i mul spiivn 
li: Mir iiI.|:liik*-I I ft jui AI.kI p.ninit UK'. ( tup > .mtl Al A p.iln".l M ii ; 
i t>ottom ) iv^i'i/itiM-h Left: I'" tl.in line inn inv.opv i >t O >r m ■ n-il M.utu'd 
Mdiiuv Right: himit;iiop(.'i' )<[J;iNt_' si.uni ny uh [ I ie niAb ll-Ui origin. il 
ir:ii;ni'R-. Iioif. X JOI) >. 

Tc test tne therapeu'ic efiicacy of mAb 1 1-1-4, a series 
of experiments were initiated in which 100-^g doses of 
reagent were given to pairs of mice bearing human AL 
amyloidomas In the case M ALk studies invclvin;] two 
d'fte-ent extracts (HiG anc GRA) revealed tnat e^en a 
single injection of the ant body r esuited in r ap d and 
comolote Disappearance o' the amyloid tumor, as com- 
pared to untreated animals (Table 1). As illustrated in 




Figure I> f. l:/;iln)ii of tlu< hvmi- i-l.il >rl«.\l mAl) I 1 - 1 > -» u'lun .in \\x 
.ii i\ li H Ji .-iiu i I liii )H'm t*nl mil k >m i >p- . ■■ >i ipn.i n,.iynil;i .itii in. t< " > ) 



Table 1. \lon(K'lon.tl Anitln ■■ l\ -Mcdiad :d Amvli id< > \ in Mk 
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Figure 6 (top), the mass of an ALk1 amyloidoma was 
reduced -9C C -. within 4 davs after antibody injection as 
compared to control animals. Hcwever. to achieve a s m- 
ilar response n certain ALA-tyoe amyloidomas. multiolo 
dose:; of the reagent were required. These were g ven as 
a series of 100-^g njectons beginning at the :ime vvhen 
'he anyloirjon a was induced (oa, 0) and then again on 
da/s 2. 4, an-.i 6 (Figjre b, bottom) As summarized n 
Table in experiments in whicr five different hurras ALA 
amyloidomas were testec n the mouse mode ( J C • T J 
'■HE, - IE. BUE and BAL), it was 'ouo- that treatment with 
r-.Ab 11-1F4 decreased by as rt uch as fcurfold tne time 
n whi-sh the amyloid tumors were eliminated. Notable 
altno.j :jh sngle or reoeate:: ::oses o' two other am -I gnt 
=:hain mAbs"" tna' recog' i^:eo AL fit r Is (eg o1-8C'i 
exoed ted amylcidolysis. 'Jie * 1 - * f-4 reag< nt was unique 
n that it accelerated removal of bo*.h ALk and AL h anv- 
oid lr- contrast, three anti-i.ght cnam mAbs that lacked 
such reactivity were irehective 

in other stu lies, it was demo." stra'ed tf:at for am/cid- 
olysis to occur the comoMe 1 i- 1 F4 I gG molecule was 
■equred, as evidenced wi en a oiothylated pepsn-de- 
r ived F(ab'! ; , f<agment ot nis ant body aUnough locai.:- 
np V. the fiurnan -.imylcicicma did not a: ceiera'e amy- 
oido /sis. Furmer. histoogicai e»arninati-:m of residj.il 
ainyl :-id tumo'S removed f r :jm 1 1 F4-treated mice ni- 
^ealc-:^ the p'"esenc:e of ei pronounced neutrophilic irfl- 
ratio" 1 whereas litt'e or no oe lulai response was s-.-c-r -n 
the u'-'esolv/eo material t ah on from control an-mais witn n 
the s-iine time |)enod Oe, 5 io 6 oays). Additionally oased 
on EU3A and immiunoblotting anayses, neither group of 
nice "ad detectable ser.m aniibLid es to the injected arnv- 
oid ir- these short-term experiments (data rot shown). 



Discussion 

We Ixwe shown that arnylo-3omos formed by subc:utanc'- 
■jus injection i<\ Human AL an/bid extracts nto heaitry 
mice were resolvec wthin :4 to 26 days by an inrnuno- 
media'ed mechanism invo ving the generation d' an'i- 
amyl.jid antibodies and a resutant polymorphonuclea r 
leckccyte response. The >era obtaired trom such ac- 
mals contained an: bodies that recognized antigen c de- 
terminants not only present en 'he injected protein, but 
also common to both ALk and ALA amyloid fibrils Pre- 
ncubation of the amylod extract with immune serum 

lk'.tnn^ Huin;in AI.k anC Al.A Ann 1< l< -m:^ 
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resulted in more rapid resolution of the induced amyloid- 
omas m normal and SCID mice. 

These observations led us to immunize mice with hu- 
man V, fibrils and to generate an antibody that recog- 
nized an amy'o-d-related epitope, as demonstrated im- 
munochcmicaNy Based on the pattern of reactivity, we 



estab is-hed that this determinant was not necessarily 
related to the k or a nature of the AL fibrils or to the V, 
subgroup of the immunogen used to prepare the anti- 
body "hus. we posited that this anti-amyloid reagent 
recogn zed a j3-pleated structure common to AL fibri s 
that such material contains antigenic sites not exposed 
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on the soluble light chain precursor protein has been 
•ho'.vn by other inve ;tigators. 4:; ' ll We also found that 

• *vM; 11-1F4 recognised ; -ther forms cf amylod, as evi- 
.icnoed n immunohistoc r^rrn :al analyses of AA-. ATTR-, 
AL.vy-. ^ApoAl- and A/i-containing tiss.ies Ir each 

ao.-. smilar pattern-: ot reactivity were obtained with 

• 1 -*F4 and antibodies soec fic for mese fivn different 
••/: -9 ot amyloid proteins (Wall J Mazy 3, Weiss DT. 

or ric-f ■ A. unpub ished studio':-.) 
e :nerapeu*ir po'ent.al mAb 11-1F4 \*as donor - 
-ti :-.:ed m our in vi\-c- e> pecmeotal rrocel where its adrr r- 
strohon ntD rnj- rr-nl ■: r S<. ID mice in whi-:h human AL 
or---, comas had oe-n induced reo,lte:i in marked ac- 
re eoatu -n of amyloid jlys^ , as comparec to untreated 
v '..a > TMs ant-boa-.' w.; : < sn-.-wn to locate wtbin :he 
aro- o-ts tumors and. 'ur'to-o raod reso'ution cf this n.a- 
».?r a oeoi.red ce'ore the --io:- ;ou d -ro-jr* a de'eo'aole 

■ on;uai mmurio :•;:>[ -or • t> > me hurn.^n pr- >:eins. cr.r.- 
\:rv-d with n the A w extra-its Atho.igh a oinoj e loO-juuj 
■rijtr:: -ioi". of antibody ' 1-1F4 'o sated n r api □ imy oidoly- 
- s n mice beaong tfie tw:- AL** amy o dcm,^ , for three -of 
•■a:- ALa amyloid :ur ors stud ed. several coses -vore 
r e | red ;o achieve ronpiet- msoLtiO'i. me apparent 
r.;s ;-a*v:e of Al.v v-v:--;.; A I k i-bh! a' deposits '.i omrr une- 
mediated lysis ••; -.; > >.vas noteo in r ;m ant o jdy-heate. i 
r no A:t.f- Dugh r I -as cee n p -stu.aiod t» s at M'e p'eserco 

tt e a-r yLjid-a-.o-oc lateci P ■: onpcnert or glveosamino- 
;!veans may protect 'oms ''(■"' degtadat-on by ce'hoar c 
'ii/t '-ra processes : ' <: : : .it/c dolysis ■ -cooned «r botn 
:'e.;i:ed and ■: onUol ar mai- d*-soi:e (tie oreseice of 'nese 

■ : o-i portents >n the ary-oio comets used for ri\c-c\o r 

A-t'body-rned.^ted am/icid isolation r. ■ :>>jr e>pt:n- 
•ii. r lai AL rnous-: mooe was a^o: ote i v,>:r an infiltra- 
tor of r ejt'opa si «vi*h n r e ar-ryio -:1 T- e — osort'ai ty of 
"I- - •- oils m effecting AL airy od ciss-i =Iu*->:t" was :Jenri- 

■ -ci st rated in s'uo^es r voi.'i'"g rieumjp-n o. as well as 
'..('.'-'£• l-noo-oi.t i-vce h /.ni-: n a C'Oi ponent of the neu- 
tr :i[i- I p-mtegr r> ::oli-r.iirf ;i e aohesion -noletojle :s ia-:;- - 
r'«:: ;-rnd thus, e> travaseui or o .ipedes s of riectropl ils is 
::---i^nt^d. : ' ,i 

f'lased on our e .-ipe- or- -ma data, we posn that :ari>-- 
<:Oi. ys.s -o^ulie :: ' r o'-'\ a "'irvo -rep pre- sess '.\ a" neluo- 

■ 1 1 :i io bindi'Vi c- f op::, -pi -;=rion of 'ibrils Is/ the ant - 
am,:o c rrAb: 2: a't'ost o- e.nd ijci vati- -n e-t neu'roohils 
an nteractcn botAOeri lie r Fe-y reoep'ors and toe 
Fo- por'ion of -he ant to ■■"oeoie ^nd 3) e^zynatio 
. i r i - 1 ■ -oir ctiemical pr 3t-o;.|/- : . ^ '" J o' :.ne amyloid by nee- 
I'-x.'bil-cierived en ::Jo[:-ept oaso-; or *-ee -adca s. respei: - 
r v. 

*hci ,gh suoojtar e: n. arr / oid or.as > s ~ -~ j r ir [)a- 

■ or • v a< :h AL amyloioos s :t- s' ofter. patboli -gica *itri - 
a- -::!ep<.'Sits are 'oun:l in = r-nai s f rounhout the b- >dy 
BeoaLS"! o' the -tof e-t a su.:aole anm a I model o' tnr; 
d :;eas^ p'ctce^s t remai'"-- t-e ceten-ii-^-.j .f acmini- ■ 
t r a'ion o* an an"i-3m\ :■ ^ s. r \\: o iy wo-j:o e>oedite lysis f 
Sv'sterr.i ;a!lv depc -sited n Liter Hcwevor. neciuEie mA:i 
' i -1 r 4 alsci reorn'iniz^s c-" e ' t , pes of amylu'd pro'e*n; . 
e-p AA. \A/e have tested n n tr^nsgt nic AA amyloid- 
C'* rnce' ir ' that (ieve lop e ■ *er > ve f er^a* c tibnl at depos- 
ir:, and found that tnere a ij a rapic: and marked dimino- 
ticm of this material «n tfit l..ers -jf animals given thu 



reagent (Wall J, Schel! M. Wooliver C. Wolfenbarger DA. 
We ss DT. Solomon A. unpublished studies} Indeed, tnat 
hun oral immun ty may effect amvloidolysis has been in- 
ferred fr.jm the report oy Sehenk et al Ju who demon- 
stra'ed using a transgenii;; n ous-- model of Alzheimer s 
dtsesse 'hat olde* ar-imals immunised with a syntheric A/3 
peptide toad considerable re iuct >r in cerebral A/3 amy- 
loid olaoues 

T--e j.e of anti amylo d ani bod es to effect removal ot 
pathological tibn lar deposits would provide a novel 
roe;" : r$ t :> treat catients with prin ary (AL) amyloidosis. 
C ur'ontly ef'brts are underway tt- prepare a chimers-ed 
o r f" J maoized version of tn^ murine 11-1F4 mAb tnat 
ever ojahy can oe tes'ed cini- ally Although convention al 
cr high-dose! ar't'-plas'fia eel ch-motherapy still would 
te requi-ed to eliminate the s-.nth- o; s ot the AL prec ursor 
light era n t"ie previojs admnist' .it on cf such a reagent 
v.ou d serve to reduc e Oie tC't i be- iy amyloid burden and 
possibly impr.;.ve O'paa tun ;tio" The development of 
tneu-peutic strategies- des gred t- ■ el mina'e pathological 
f br-ilar ceposits by passive ':>r s tive 4 ' 1 -nmunotherap y 
would represent a major ad-, anc" for patients with or i - 
maty amyloids 3 s as wv!l as tnos-- with other acquired or 
isihrr ted atrylo d assosia'ed discders 
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Disease- re I a ted amyloid fibrils appear to share a common, but 
poorly understood, structure. We describe here the generation and 
preliminary characterization of two conformation-specific mAbs, 
W01 and W02, that bind to the amyloid fibril state of the 
Alzheimer's peptide Ap(1-40) but not to its soluble, monomeric 
state. Surprisingly, these Abs also bind to other disease-related 
amyloid fibrils and amyloid-like aggregates derived from other 
proteins of unrelated sequence, such as transthyretin, islet amyloid 
polypeptide, /^-microglobulin, and polyglutamine. At the same 
time, WOl and W02 do not bind to the native protein precursors 
of these amyloids, nor do they bind to other kinds of protein 
aggregates. This new class of Abs associated with a fundamental 
amyloid-folding motif appear to recognize a common conforma- 
tional epitope with little apparent dependence on amino acid side 
chain information. These Abs should contribute to the understand- 
ing of amyloid structure, assembly, and toxicity and also may 
benefit the development of diagnostic and therapeutic agents for 
amyloid diseases. 

Amyloid fibrils arc highly insoluble, ordered protein aggre- 
gates involved in a number of human diseases (l. 2). 
including Alzheimer's disease (3) and type II diabetes (4), 
Although the protein components of amyloid fibrils from various 
disease states differ considerably from each other in primary 
sequence, all amyloid fibrils share common features, including a 
high degree of /3-sheet in a classical "cross-p" pattern, a fibrillar 
morphology in electron microscopy, and the ability to bind and 
alter the spectroscopic properties of heteroaromatic dyes Congo 
red and thioflavin T (ThT) (5. 6). Although these common 
properties suggest that amyloid fibrils must share deeper simi- 
larities at the molecular level, the extent of similarity between the 
polypeptide-folding patterns of different amyloids is unknown. 
Details of the nature of the amyloid fold remain obscure because 
of technical limitations to obtaining high resolution structural 
information on large, insoluble, heterodisperse aggregates. 

Although mAbs have previously proved useful in the struc- 
tural analysis of globular proteins, their use in the characteriza- 
tion of amyloid fibril structure has been limited. Most of the 
anti-fibril Abs generated in an immune response to fibrils tend 
to be directed at unstructured portions of the amyloidogenie 
peptide not involved in fibril structure. In a recent character- 
ization of the Ab response in mice injected with amyloid 0 
protein (A^) fibrils, it was found that the majority of the Abs are 
directed at the N-terminal 12 residues of the peptide and are 
capable of crossreaeting strongly with the monomeric peptide 
(7). This agrees w ell with the results of limited proteolysis studies 
of A(3 fibrils indicating an exposed, unstructured N-terminal 
region in the aggregate (N). Thus, such Abs tell us about those 
parts of the amyloidogenie peptide that are not involved in fibril 
structure but little about the nature of fibril structure itself. 

Identification of conformational epitopes in fibrils would 
therefore add an important new dimension to the structural 
information on fibrils available through Ah studies, F.arly ex- 
periments with rabbit polyclonal sera suggested that amyloid 
fibrils possess a nonnative structure and that Abs can be gen- 
erated that are specific for the amyloidogenie conformation 
More recent K, conformational Abs have been reported that are 



specific for transthyretin (TTR) amyloid fibrils (10) or for the 
infectious form of mammalian prions (11). 

In addition to the value of anti-fibril Abs as structural probes, 
the nature of the immune response to amyloid is of special 
interest because of recent reports of successful active and passive 
vaccine approaches to slow ing and/or reversing amyloid plaque 
growth and/or its pathological consequences in mouse models of 
light chain amyloidosis (13, r), Alzheimer's disease ( 14. 15), and 
mammalian prion disease ( 16). Some Abs recognizing Aj3 fibrils 
also appear capable of stimulating fibril disassembly ( 17) and/or 
preventing fibril assembly (18) //; vitro. 

We report here the results of hydridoma experiments specif- 
ically focused on generating conformation-specific Abs against 
Afi fibrils (}*■)). The results suggest the existence of a major 
conformational epitope present in many amyloid fibrils com- 
posed of diverse protein sequences. 

Materials and Methods 

Materials and General Methods. Afi( 1-40) peptides, as well as the 
polyglutamine (polyGln) molecule NH : -KKQ 4 :KK-COOH. 
were custom synthesized at the Keck Biotechnology Center, Yale 
University. Chemically synthesized, lull-length human islet amy- 
loid polypeptide (IAPP) was a gift from Per Westermark. 
Recombinant JT05. an amyloidogenie Ig V L domain, was a gift 
of Jonathan Wall. Human /^-microglobulin (0 : m). human TTR, 
and chicken lvsozyme were purchased from Sigma, as were 
bovine collagen and acid-soluble calf collagen. The k light chain 
IgM mAb was purchased from Calbiochem (catalog no. 401925). 
and an IgG mAb recognizing the 1-17 sequence of A/3. 
MAB 1560. was purchased from Chemieon, Gelatin was from 
Bio-Rad. Trifluoroacetic acid was from Pierce and 1,1,1,3,3,3- 
h.e.xai'tuoro-2-isopropyl alcohol (HFIP) from Sigma. 

Unless otherwise indicated, all quantitative experimental re- 
sults shown are from measurements done in triplicate. Error bars 
in figures represent SDs. 

Preparation of Solubilized Peptides and Amyloid Fibrils. Fach pep- 
tide and protein required customized protocols for fibril forma- 
tion. With the exception of polyGln aggregales. all amyloid 
f ibrils, as well as collagen and elastin, were sonicated on ice with 
a probe sonicator for five consecutive 30-sec pulses before 
immobilization onto plastic microliter plates. 

AfS peptides were solubilized and aggregated by a variation of 
die previously described protocol (<S. 20). Amyloid fibrils were 
grown from A^( 1-40) by incubating a 0.25 mg/ml disaggregated 
solution of the peptide in PBS containing 0.05'V sodium azide 
(PBSA) at 37°C together with a seed consisting of 0. \ r ' f by weight 
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ot sonicated A(i fibrils. The sample was incubated 5-7 days until 
fibril growth was judged complete by a ThT assay (21). 

The polyGln peptide was dissolved and disaggregated as 
described previously (22) by using a 1: 1 mixture of trifluoroaeetic 
acid and 1 . 1 . 1 ,3.3.3-hexul luoro-2-isopropyl alcohol, and then 
aggregated by incubation of a (1.05 mg/ml solution in PBSA at 
37°C for 2 wk until reaction was judged complete by the ThT 
assay {21 ), PolyGln aggregates prepared in this manner exhibit 
strong 0-sheet spectra and a typical amyloid ThT response but 
exhibit ribbon morphology rather than a classical amyloid mor- 
phology: based on these and other criteria, we refer to the 
aggregates as " amyloid-like" (S. Chen, V. Berthelier. J. B. 
Hamilton, B.O.N. . and R.W.. unpublished data). 

Human IAPP was solubilized and disaggregated by using 1:1 
trif luoroaeetic acid/ 1,1,1 ,3,3,3-hexaf luoro-2-isopropyl alcohol 
(22). After removal of volatile solvents, the peptide was dissolved 
in 2 mM NaOH and centrifuged at 20.S00 X t> for 25 min. The 
supernatant was diluted 1 :2 by using a 2 x PBS stock containing 
(I. Vr sodium azide. pH 7.4, to a final concentration of -0.25 
mg/ml. This solution was used immediately both 10 make 
amyloid fibrils and to fix monomers to microliter plates. Fibrils 
were grown according to the protocol described above for A{1. 

Fibrils were grown from fi 2 m and TTR in high salt and low pH 
as described (23. 24). Lysozyrne fibrils were grown by a brief 
exposure to fi5°C followed by incubation at 37°C in high salt at 
low pll (25). 

All of the fibrils made as described above exhibited good 
amyloid fibril morphology by electron microscopy, with the 
exceptions that the IAPP aggregales appeared to be a mixture of 
classical amyloid fibrils and other organized structures (data not 
shown), and the polyGln aggregates appear to be protofilaments 
assembled into ribbons (26). All amyloid and amyloid-like 
aggregates exhibited typical Th T fluorescence (2 I, 27). 

Preparation of Aggregated Carboxymethylated Proteins. Reduction 
and alkylation of the disulfides of ovalbumin and human serum 
albumin (HSA) was accomplished by dissolving the nalive 
protein to a concentration of 0.5 mg/ml in an argon-purged 
buffer consisting of 0.1 M Tris-IICl. o M guanidine hydrochlo- 
ride, 2 mM DPT. and 1 mM HUT A. pH 8.5. Reactions were 
incubated at 37 C C for 1.5 h with occasional gentle mixing, 
Iodoacetic acid was then added to a final concentration of 15 
mM. and the reaction was incubated in the dark at room 
temperature for 1 hr then dialyzed overnight at 4°C against 
PBSA. Complete cleavage of disulfide bonds was confirmed by 
mobility shifts in nonredueing SDS/PAGL (2S). Complete mod- 
ification of thiol groups was demonstrated by using 5.5'- 
dilhiobis(2-nitrohenzoic acid) (24). The PBSA solution of re- 
duced and alkylated proteins was subjected to several rounds of 
freezing and thawing, after which the amount of material 
collected in a pellet after centrifugation was 50'r or more of the 
entire protein sample. These suspensions (without centrifuga- 
tion) were used to immobilize modified proteins onto microliter 
plates. 

Hybridoma Isolation and mAb Purification. A0(1-4O) fibrils were 
sonicated as described previously (20). Five standard, female 
BALB/c mice were immunized with 50 ^g/mouse./injection 
with sonicated fibrils. Two additional injections were given at 
2-wk intervals. Bleeds were taken 1 wk after each injection and 
screened by using a modification of the mieroptate assay de- 
scribed below. After the third injection, two mice were killed and 
their spleens used to generate hybridoma cells. Initial screening 
of clones was performed by testing the ability of membranes 
containing uniformly deposited mononieric or fibrillar A/3 to 
bind Abs from an array of clonal supernatants; the bound Abs 
were detected with secondary Abs against murine Ig. The 
hvbridoma experiments, including the membrane blot survey of 




initial hybridoma colonies, were conducted according to stan- 
dard methods (30). Animal work, hybridoma creation, cloning, 
and preliminary screening were performed by the Hybridoma 
Development Facility at St. Louis University Health Center. St. 
Louis. 

Clonal supernatants giving good binding to immobilized fibrils 
even in the presence of S0-fo!d weight excess monomelic A[i 
were considered to be good candidates tor conformation-specific 
Abs and were carried forward in the cloning process. mAbs were 
produced from stable hybridoma cell lines by grow ing the cells 
in high density culture by using CLLLIine incubator flasks 
(INTFGRA Biosciences). mAbs were purified from the accu- 
mulated Ab-containmg supernatants by using a HiTrap IgM 
purification affinity column (Amersham Pharmacia) followed by 
a Sephacryl S-300 (Amersham Pharmacia) size exclusion chro- 
matography column (PBSA 4°C). Nonredueing SDS/PAGL 
analysis confirmed the IgM isotvpe of the Abs and showed that 
they were at least W r pure. 

Microtiterplate Assays of Fibril Binding. Mouse sera and hybridoma 
supernatants were assayed for anti-fibril Abs as follows. First, 
100 ng of sonicated A0(1-4O) fibrils in 100 /il of PBSA was 
added to each well of a high-binding microliter plate (Costar) 
and allowed to dry by incubating uncovered overnight in a 37 : C 
oven. Plates were washed three times with PBSA containing 
0.05'; Tween 20 (the standard wash procedure for all subse- 
quent steps of the protocol). Wells were blocked with l r / gelatin 
in PBSA at i7°C for 1 hr. Plates were then incubated with sera 
or hybridoma supernatants, with or without an 80-fold weight 
excess of monomeric A(i( 1- 40) with respect to immobilized 
fibrils, for I hr at 37 C C and then washed three times. The signal 
was developed by incubation with a biotinylated Ab, followed by 
treatment with a streptavidin conjugate. 

For measuring the IgG response in mouse sera (Fig. 1/1), the 
secondary Ab was a mixture of isotvpe-specific goat anti-mouse 
IgG Abs (Sigma ISO-2 kit) diluted into \ r '< gelatin. 0.05 r v Tween 
20. and PBSA. The tertiary Ab was a biotinylated rabbit anti-goat 
lg Ab (Vector Laboratories). After incubation with a strepta- 
vidin-horseradish peroxidase conjugate (Vector Laboratories), 
the signal was developed with 3.3',5.5'-tetramethylbenzidine 
(1MB. Pierce no. 34021). 

For measuring the IgG + IgM response in mouse sera (Fig. 
\B), the secondary Ab was a biotinylated goat anti-mouse Ig Ab 
(Sigma), and the signal was developed with strepl avidin- 
horseradish peroxidase as described above. For measuring the 
IgG ■+■ IgM response of hvbridoma culture supernatants (Fig. 4), 
the same secondary Ab was used, but the signal was developed 
by using a europium-streptavidin conjugate (FG tV: G Wallac) 
and counted by using time-resolved fluorescence (31) on a 
Wallac Victor (2) fluorescence microtiler plate reader. 

Characterization of Binding Properties of Purified mAbs. Fur exper- 
iments featuring immobilized ligands. microtiler plate wells w ere 
coated either with amyloid fibrils or other aggregates (as de- 
scribed above ), or with soluble precursor proteins. For the latter, 
proteins in 2 mM sodium phosphate buffer. pH 7.4. containing 
0.05'/ sodium azide. were incubated uncovered overnight in a 
37°C oven. The low salt minimizes aggregation during the 
coating process (data not shown). After washing, plates were 
blocked with y.i BSA in PBSA for 1 h at 37°C. For the assay. Ab 
solutions were incubated 2 h at 37°C in the wells with 3 r / BSA 
in PBSA containing 0.05 r r Tween 20. Binding was quantified by 
using a biotinylated secondary Ab as described above. In the case 
of A/3 fibrils, the ability of an «S(l-fold weight excess of monomeric 
peptide to inhibit Ab binding to fibrils was also assessed. 

Binding of aggregates and soluble proteins to plastic by the 
above protocol was essentially quantitative. This was determined 
as follows. After overnight incubation as described. 50-150 pil ot 
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Fig. 1. Serum responses of mice immunized with A^S(1-40) fibrils. Open bars 
show total Ig binding to 100 ng. well of amyloid fibrils immobilized onto 
microtiter plate wells Closed bars show Ab binding to fibrils in the presence 
of a large excess of A^(1-40) monomer. {A) Increase in anti-amyloid IgG 
response over the course of the immunization treatment. (6) Total anti- 
amyloid IgG * IgM response of five immunized mice and a control at the 
completion of the immunization protocol. 



PBS was added to several wells and incubated U) min at room 
temperature. Supernatants from several wells were pooled and 
assayed tor the amount of recovered protein, either by a micro 
protein assay (Pierce MicroBCA) or by recovery of aggregates, 
solubilization, and quantitation by HPLC against a standard 
curve (N). Less than 5 C > of the applied protein was recovered by 
such analyses, consistent with greater than 95 r r fixation of 
aggregates to the plastic. 

For experiments featuring immobilized Abs. 100 ^l of 15 nM 
mAb solutions in PBSA were sealed and incubated for \.5 h at 
37°C Plates were washed and blocked with a USA solution 
in PBSA by incubation at 37 C 'C for 1 hr, Various concentrations 
ot hiotinyl-A/3( 1-40) were added to each well, and the plate was 
incubated for 4 h at 37°C and then quantified as before by using 
streptavidin-europium and time-resolved fluorescence. The N- 
terminally biotinylated A/3 molecule was prepared by alkylating 
a Cys ' analog of A/3(l-40) with PLiO-iodoacetyl biotin 
(Pierce). 

Results and Discussion 

Conformation-specific Abs against the native states of many 
proteins haw been described. Such Abs bind well to the native, 
folded state of the protein, and less well, or not at all. to the 
denatured protein or lo isolated peptide fragments (32). lo 
isolate Abs specific tor conformational epitopes of the A/3 fibril, 
mice were injected with sonicated A/3 fibrils. These mice 
mounted a time-dependent serum response consisting of Abs 
capable of binding to the amyloid form of A/3 immobilized on 
microtiter plate wells (Fig. I ). Significantly, a major portion of 
the anii-fibril Ab population binds to A/3 fibrils despite the 
presence of a large excess of monomeric A/3 (Fig. 1). This 
suggests that a major portion of the Abs are directed against 
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Fig. 2. Binding of purified mAb-, to Aji fibrils in the presence and absence of 
excess monomeric Aji A/4(1-40) fibrils were immobilized on microplate wells 
and the wells incubated with anti-A/J Abs in the absence (•) or presence of 
monomeric Aji wild-type (. ) or F19P mutant ( ). (A) Binding of W01. (B) 
Binding of the IgG mAb MAB1 560 against a linear epitope (positions 1-17) of 
the AjJO-40) molecule. 



conformational epitopes that only exist in the fibril. All five mice 
injected with amyloid exhibit similar serum responses (Fig. IB). 
Hybridoma fusions were generated from the spleens of respon- 
sive mice and resulting cells screened and cloned by using a 
variety of assays (Materials and Methods) to isolate stable cell 
lines producing Abs that bind to A/3 fibrils but not to A/3 
monomers. 

Based on results from screening hybridoma supernants. two 
stable cell lines, designated WOl and W()2. were selected for 
further study. Reducing and nonreducing SDS/PAGL (not 
shown) of cell supernatants showed that both WOl and W02 
have molecular weights in the 900-kDa range, consistent w ith the 
isotyping results on these supernatants showing that both Abs 
are of the IgM class. Light chains were isolated from the gels and 
subjected to amino acid sequence analysis. The light chain ot 
WO I exhibited the N-terminal sequence DIQMTOS. consistent 
w ith its being in the k class of mouse light chains. W02 appears 
to consist of a different light chain sequence because it exhibits 
a blocked N terminus, most consistent with a pyro-Glu residue 
derived from cyelization of a Gin side chain at position 1. 

Fig. 2 compares the fibril-binding characteristics of WO I to an 
anti-A/3 IgG mAb that recognizes a primary sequence epitope 
resident in the 1-17 sequence of A/3. Fig. 2.-1 shows that WOl 
exhibits a saturable binding curve against immobilized A/3 fibrils 
with an LCAr,. or concentration of half-maximal binding, in the 
low nanomole range. Fig. 2.-1 also shows that when a large weight 
excess of monomeric A/3(l-40) is included in the incubation, 
strong binding to fibrils by WOl is retained. (The apparent 
enhancement of binding of WOl to amyloid fibrils in the 
presence of wild-type A/3 is probably due to higher fibril mass 
resulting from the extension of A/3 fibrils by the monomeric A/3 
competitor during the incubation.) A soluble, proline-containing 
mutant incapable of making amyloid fibrils (33, 34). F1MF-A/3(1- 
40). also does not compete for WOl binding to fibrils. In 
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[Biotinyl AP(l-40)] (nM) 

Fig. 3. Binding of monomeric, soluble biotinyl-A/i to purified Abs immobi- 
lized on microplate wells. W01 ( -); W02 (a); control IgM ( ), and anti-A/j(1- 
17) IgG MAB1560 ( ). 

contrast, both mutant and wild-type monomeric A/3 molecules 
effectively compete for binding to fibrils by an Ab directed 
against a linear epitope of A/3. Fig. 2/i shows that an Ab directed 
at the linear 1-17 sequence of A/3. MABI560. binds well to 
immobilized A/3 fibrils. Fig. 2H shows that, in contrast to WO I 
binding. MAB156U binding to fibrils can be almost entirely 
eliminated when a large weight excess of monomeric. soluble Ajti 
is included in the binding incubation. In these experiments. WO I 
and MAB1560 exhibit significantly different binding amplitudes 
to the same weight of A/3 fibrils: however, given the fact that 
different secondary Abs were used in these two panels, it is 
difficult to interpret this effect. 

The experiments summarized in Fig. 2 provide indirect evi- 
dence that WOl does not recognize monomeric A/3. More direct 
evidence is the demonstration that neither WOl (Fig. 4) or W02 
(not shown) bind appreciably to monomeric A/3( l -40) immobi- 
lized onto microliter plate wells. In addition, we find that 
monomeric A/3(l-40) is not able to bind to immobilized WOl 
and W02. Thus, Fig. 3 shows that although immobilized 
MAIS 1 560 effectively binds N-tcrminally biotinylated AjS( 1-40), 
immobilized WOl and W02. as well as a control IgM mAb. are 
completely ineffective at binding this peptide. 

Surprisingly. WOl and W02 are capable of binding not only 
to A/3 fibrils, but also to amyloid fibrils generated from other 
proteins. We generated amyloid fibrils from a number of amyloid 
precursor proteins {Materials and Methods). In each case the 
protein aggregates exhibit fibril or fibril-like structures in elec- 
tron microscopy and a typical ThT fluorescence response (data 
not shown). Fig. 4A shows the binding of WOl to equal weights 
of each of these amyloid fibrils immobilized onto microliter plate 
wells. The figure shows that amyloid fibrils or amyloid-like 
aggregates composed of j3 : m. IAPP.TTR. polyCiln (Q.j:), the Ig 
V| domain IT05 (35). and lysozyme [in addition to A/3(l-40)| 
are all capable of binding significant amounts of WOl. On a 
weight basis. WOl binds different fibrils to different extents, 
exhibiting maximal binding to A/3(l-40) fibrils. The binding 
differences observed mav be due in pari to differences in binding 
constants (see below) and/or to different numbers of epitopes 
per unit weight of these amyloid fibrils. W02 exhibited similar 
pan-amyloid binding (not shown). 

In contrast to its broad ability to bind to amyloid fibrils. WOi 
exhibits little or no binding to the precursor proteins for each of 
these fibrils immobilized onto microtiter plate wells (Fig. 4,-l). 
This result suggests that the conformation recognized by WOl 
is absent in the native precursor proteins. Fig. 4.-] also shows that 
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Fig. 4. Binding of W01 to various aggregates. Open bars, binding to 
immobilized aggregate; gray bars, binding to immobilized monomeric form; 
and filled bar, binding to immobilized aggregate in the presence of an 80-fold 
weight excess monomeric F19P-A/J(1-40). (A) Binding to various amyloids and 
their precursor proteins, (6) Binding to nonamyloid biological aggregates and 
nonnative globular protein aggregates In these experiments, W01 was used 
as a hybridoma supernatant diluted 1:2 in PBSA. 

WOl binds to A/3 fibrils despite the presence of a high weight 
excess of soluble A/i. 

To probe the specificity of WOl and W02 for amyloid fibrils, 
we tested WOl binding to different kinds of protein aggregates. 
Fig. 4/i shows that WOl does not bind appreciably to the fibrous 
proteins collagen and elastin. or to gelatin, the denatured form 
of collagen. Many globular proteins aggregate in response to 
disruption of their native states by chemical or physical stress, 
and these aggregates are often dominated by 0-sheet structure 
(36). Fig. 4/3 shows, however, that WOl does not bind to 
aggregates of ovalbumin or human serum albumin induced by 
denaturation via reduction and alkylation. Similar results were 
obtained for W()2 (not shown), These results show that the 
epitope(s) recognized by WOl and W02 is not a structural 
feature shared with amorphous protein aggregates, such as 
interchain 0-sheet or diffuse patches of surface-exposed hydro- 
phobicity. Thus, results to date suggest that the epitope recog- 
nized bv these Abs is specific to the amyloid state of proteins. 

To quantitatively assess the crossreactivit y of WOl and WC)2 
against other amyloid fibrils, we determined full binding curves 
for these Abs as well as for a control k light chain IgM. against 
amyloid fibrils composed of A/3( 1-40). JT()5. and IAPP. Fig. 5.1 
shows that WOl and W02 exhibit saturable binding curves to 
immobilized A/3(l-40) fibrils (the original immunogen) with 
EK\ ( ,sof 2.S nM and 1 .3 nM. respectively. In contrast, the binding 
of a k" light chain control IgM to A/3(l-40) fibrils exhibited a 
much weaker binding constant (121 nM) and a lower binding 
amplitude The binding ability of this control IgM to A/3 fibrils 
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Fig. S. Binding curves for purified W01, W02, and a control k chain IgM 
against various amyloid fibrils immobilized onto microplate wells. W01 ( ), 
W02 (■); and IgM control (.J. (,4) A|J(1-40) fibrils. (8) Ig light chain variable 
domain JT05 fibrils. {O IAPP fibrils. Data in S and C are from single replicate 
determinations. 



is probably related to the general ability of globular proteins to 
bind nonspecifieally to A/3 fibrils (B.O.N, and R.W.. unpublished 
observations). Interestingly, a A chain control IgM is much less 
effective at binding to A/3 fibrils compared to the control k chain 
IgM (data not shown). 

^ Tig. 5fi shows that WOl and W02 bind to JTQ5 fibrils with 
IX\,i values of 2.S nM and 1 .2 nM. respectively, values similar to 
those for binding to A/i(l --!()) fibrils. The amplitudes for WOl 
and W02 binding to JT05 fibrils, although differing from each 
other by about a factor of three, are in the same range as the 
binding of these Abs to A/3 fibrils. The control k light chain IgM 
exhibits essentially no binding to JT05 fibrils. Fig. 5C shows that 
WOl and W02 also bind with similar amplitudes and binding 
constants (1.7 nM and 1.0 nM. respectively) to IAPP fibrils, 
whereas the control IgM binds negligibly. These data dramati- 
callv illustrate that WO I and W02 recognize what appears to be 
a universal amvloid epitope and that the ability to bind to 
amyloid fibrils is not shared by a control IgM. The Abs hind w ith 
similar strengths to amyloids other than the A/i( 1-40) amyloid 



immunogen. Although the IAPP peptide exhibits some amino 
acid sequence homology to A/3( 1-40) (P. Westermark. personal 
communication), J TO 5 offers no significant homology. (This was 
confirmed by using the SIM (37), [.align (3N). and dotli-.T (3 ( >) 
sequence alignment programs (wwvv.expasy.ch/tools) (data not 
shown)]. The nature of the common amyloid epitope, therefore, 
does not seem to depend on extensive amino acid side chain 
information. This point is made perhaps most dramatically hy the 
fact that WOl binds well to polyGIn aggregates (Fig, 4/1), which 
exhibit a number of amyloid-like features in their morphologies 
and biophysical properties (S. Chen. V. Berthelier, J. B. Ham- 
ilton. B.O.N., and R.W.. unpublished data). 

In their abilities to bind to multiple molecular species, WOi 
and W02 bear some resemblance to poly reactive Abs such as the 
anti-DNA Abs produced in certain autoimmune conditions. 
Although little is known about the basis for such poly reactive 
binding recognition, at least some anti-DNA Abs are thought to 
recognize repeat structures within DNA such as heteroaromatic 
bases or phosphate groups (4(1, 41 ). As highly ordered polymers, 
amyloid fibrils presumably also exhibit certain kinds of regular 
structural repeats that might serve as the basis for multidentate- 
binding recognition. The extent to which WOl and W02 binding 
to amyloid might depend on such multidentate binding is yet to 
be determined. 

One possible contributor to a common amyloid structural 
epitope might be a unique array of H-bond donor and acceptor 
groups from the polypeptide backbone at the edge strands of the 
^-sheets on the ends of amyloid fibrils. If so this configuration 
must be different from that of the edge strands of /3-sheets in the 
native states of /3-sandwieh-based proteins such as the F\ 
domain and TTR because these globular, native proteins do not 
bind WOl and W02 appreciably (Fig, 4). Another possibility is 
main chain elements involved in some unusual turn or chain 
reversal within the amyloid motif. Detailed structures of the 
epitopes of anti-protein Abs are normally characterized either by 
protein crystallography (42) or by mutational analysis of antigen 
fragments (43) or intact protein (44). Because amyloid has yet to 
be crystallized, and because WOl and W02 bind to many 
amyloids regardless of amino acid sequence, it is clear that the 
further structural analysis of the WO I /W02 epitope(s) will be 
challenging. 

A/3(l-40) fibrils are not unique in their ability to stimulate 
production of generic anti-amyloid Abs in mice. For example, a 
mAb raised against an amyloidogenic Ig light chain fragment has 
been reported to recognize tissue amyloid deposits composed of 
the light chain variable domain. A/3, and other amyloidogenic 
proteins (13). The reciprocity of these results with those de- 
scribed here further supports the existence of an epitope that is 
a universal signature of the amyloid fibril. 

Abs such as WOl and W02 are important for a number of 
reasons. They may prove invaluable in improving our knowledge of 
the three-dimensional structures of amyloid fibrils. Such Abs will 
also allow us to monitor more closely the generation of the amyloid 
epitope during assembly in vitro and in vivo. Fibril-specific Abs may 
be useful as passive vaccines in anti-amyloid therapy ( 13. 15, \(\ t). 
Furthermore, recognition that an amyloid fibril from one precursor 
protein can stimulate a pan-amyloid response in an animal suggests 
that amvloid fibrils composed of one constituent protein might 
serve as vaccines against other types of amyloid. Finally. Abs such 
as WOl and WC)2 may prove to be useful diagnostic reagents not 
only for Alzheimer's disease, but also for other protein aggregation 
diseases. The defining clinical test for the presence of amyloid in 
tissue continues to be birefringence after Congo red staining ( 12). 
However, as a technique that is inherently limited in resolution to 
the wavelength of visible light, Congo red birefringence is not 
capable of detecting deposits of small and or disorganized fibrils if 
thev do not exhibit macroscopic order. Abs such as WOl and W02 
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nuiv thus prove to he more reliable probes Cor the presence of l lie 
amyloid-folding motif in tissue samples. 
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Introduction 



The amyloidoses are a diverse spectrum of diseases which share a common pathologic 
manifestation; namely, the formation of fibrils composed of normally innocuous, soluble 
proteins or peptides that deposit in various tissues throughout the body eading to organ 
failure and eventually death. Therapeutic efforts to prevent or cure these diseases have 
focused primarily on inhibiting fibrillogenesis or eliminating the precursor protein. More 
recently, immune-based strategies have been formulated and have been shown 
experimentally to have therapeutic potential 1 ". We have reported the development of anti- 
tight chain monoclonal antibodies (mAbs) that have the capacity to recognize an amyloid- 
associated epitope present on AL and other types of amlyoid 3 . When administered in viva 
such reagents were found to accelerate the removal of AL deposits in an experimental 
animal model 3 . We now report one such mAb designated 1 1-1F4 hastens the resolution of 
amyloid in mice with AA-amyloidosis. 



Materials and Methods 



In vivo studies were performed using a murine model of inducible AA-amyloidosis. 
C57/B1 mice were primed by administering two 1 mL s.c. injections of 0.1% (w/v) AgNO, 

solution, 10 d. apart. 
Amyloidogenesis was 
induced by the /.v. 
injection of amyloid 
enhancing factor ( AEF; 0. 1 
mg/mL protein) coincident 
with the first AgN0 3 
injection (day 0). The 
following treatment 
regimen was used: 
administration of 1 1 - 1 F4 
mAb, began on day 16 and 
was repeated on days 19, 
23 and 26. The mice were 
sacrificed on day 28 and 

the effects of 11-1F4 mAb-treatment were determined by quantitative evaluation of the 
splenic and hepatic amyloid burden, i.e., the Amyloid Burden Index (ABI). Tissues 
sections were collected post-mortem, fixed, paraffin-embedded, and stained using alkaline 



Figure 1. Identification of amyloid using image analysis. Left, CR-stained 
section of AA-laden liver. Right, identification of amyloid (white) based 
upon CR birefringence 



158 



Z00 *d u»TZi0T £0/TT/^0 



3989 "t>t>S S98 



nowoios ya-dOiH 



3. Systemic AA Amyloidosis 



Congo red. When viewed microscopically under cross-polarized illumination the amyloid 
deposits exhibited characteristic blue-green birefringence, which was then quantified 
using image analysis and spectral segmentation techniques yielding the ABI (Fig. 1). 

Results 

Image analysis revealed a marked decrease in the ABI of mice treated with mAb 1 1-1F4 
after induction of AA-amyloidosis (table I). Quantification of amyloid deposits was 
achieved by image analysis of CR-stained tissue sections. The identification of AA- 
amyloid in the liver of an AEF/AgN0 3 -treated mouse is shown in Fig. 1 . The section 
contained both perivascular amyloid and deposits within the lumen of the sinusoids that 
exhibited the characteristic "Maltese-cross" pattern of CR-biretringence (Fig. 1). The 
amyloid deposits were accurately detected using the image segmentation software and the 
spectral profile, while the collagenous regions were excluded (Fig. 1). This technique 
provided a method to quantitatively evaluate the effect of IMF4 mAb treatment on 
amyloid burden (Table 1). The population data presented in box-plot format (below, Fig. 
2) demonstrated significant decreases in the range, median and mean of the ABI within 
the spleen, as a result of treatment with the U-1F4 mAb. The quantitative effects of 
antibody treatment on amyloid burden were considerably more evident within the spleen 
than the liver, which appeared to exhibit similar statistical parameters irrespective of 
treatment, with no significant difference in the mean or median of the two populations 
(Table 1). 





Untreated Mice {n-7) 


11-IF4 antibody-treated 
Mice (n=7) 




Liver 


Spleen 


Liver 


Spleen 


Mean ABI(%±S.E.) 


0 21 1 ±0.141 


0.903 ± 0.397 


0.052 + 0.025 


0.190 ±0.071 


% Reduction in Mean ABI 




! 75.4% 


79.0%* 


ABI Range 


1.044 


2.918 


0.179 


0.513 


ABI Median 


0.057 


0.420 


0.029 


0.132 



Table 1. Comparison of the hepatic and splenic amyloid burden indices (ABI) of IMF4 antibody- 
treated and control mice. ABI percentage values represent the area occupied by amyloid deposits 
within the tissue relative to the total area surveyed (approximately 22 mm 2 total area), * P < 0.075. 

Discussion 

Treatment of mice with AA amyloidosis using the II-1F4 mAb resulted in a marked 
decrease in the amyloid content of both the liver and spleen. Immunotherapeutic 
approaches to the treatment of amyloidosis have had considerable success in murine 
models of both AL amyloidomas 3 and Alzheimer's disease 12 . However, there are several 
considerations. Antibodies designed to target amyloid fibrils, may also interact with the 
soluble form of the precursor protein and potentially the protein producing cells, an 
assault that may ultimately lead to severe complications such as auto-immunity and 
immune-complex disease. These considerations may not be problematic for localized 
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cerebral amyloids. However, 
for non-cerebral, systemic 
and localized forms of 
amyloidosis derived from 
otherwise soluble proteins 
present a t high 

concentrations i n the 
circulation, these 
considerations are 
paramount. It is anticipated 
that the use of amyloid- 
specific antibodies, such as 
■ — 1MF4, will effectively 
facilitate the resolution of 

lines « the m ean and ^j™^ and prov.de a 

te&rtisbi^^McL^SSS? ™ bl l therapeutic approach 

percentiles. u ■- u for the treatment of this 

family 0 f devastating 

diseases. ° 
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